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1A 



2H7scFv-Ig cDNA and 



predicted amino acid sequence: 



Hindi I I 



Ncol 



2H7 V L Leader Peptide-> 



MDF QVQ IFSF L L I SAS 
1 AAGCTTGCCG CC ATGGATTT TCAAGTGCAG ATTTTCAGCT TCCTGCTAAT CAGTGCTTCA 



2H7 V L -> 

V I I A RGQ IVL SQSP AIL SAS 
61 GTCATAATTG C C AGAGGAC A AATTGTTCTC TCCCAGTCTC CAGCAATCCT GTCTGCATCT 

PGEK VTM TCR ASSS VSY MHW 
121 CCAGGGGAGA AGGTCACAAT GACTTGCAGG GCCAGCTCAA GTGTAAGTTA CATGCACTGG 



YQQK PGS SPK PWIY APS NLA 
181 TACCAGCAGA AGC CAGGATC CTCCCCCAAA CCCTGGATTT ATGCCCCATC C AAC CTGGCT 

SG VP ARF SG S GSGT SYS LTI 
241 TCTGGAGTCC CTGCTCGCTT CAGTGGCAGT GGGTCTGGGA CCTCTTACTC TCTCACAATC 

SRVE AED A A T YYCQ QWS FNP 
3 01 AGCAGAGTGG AGGCTGAAGA TGCTGCCACT TATTACTGCC AGCAGTGGAG TTTTAACCCA 



(Gly 4 Ser) 3 Linker 

PTFG AGT KLE LKGG GGS GGG 
3 61 CCCACGTTCG GTGCTGGGAC CAAGCTGGAG CTGAAAGGTG GCGGTGGCTC GGGCGGTGGT 



2H7 V H 

GSGG GGS SQA YLQQ SGA ELV 
421 GGATCTGGAG GAGGTGGGAG CTCTCAGGCT TATCTACAGC AGTCTGGGGC TGAGCTGGTG 

RPGA SVK MSC KASG YTF TSY 
481 AGGCCTGGGG CCTCAGTGAA GATGTCCTGC AAGGCTTCTG GCTACACATT TACCAGTTAC 

NMHW VKQ TPR QGLE WIG A I Y 
541 AATATGCACT GGGTAAAGCA GACAC CTAGA CAGGGCCTGG AATGGATTGG AGCTATTTAT 

PGNG DTS YN Q KFKG KAT LTV 
601 CCAGGAAATG GTGATACTTC CTACAATCAG AAGTTCAAGG GCAAGGCCAC ACTGACTGTA 

DKSS STA YMQ LSSL TSE DSA 
661 GACAAATCCT CCAGCACAGC CTACATGCAG CTCAGCAGCC TGACATCTGA AGACTCTGCG 



BamHI 



VYFC A R V VYY SNSY WYF DVW 
721 GTCTATTTCT GTGCAAGAGT GGTGTACTAT AGTAACTCTT ACTGGTACTT CGATGTCTGG 
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FIG. 1B 



Bell 

human lgG1 Fc domain -> 

GTGT TVT VSD QEPK SCD KTH 
781 GGCACAGGGA CCACGGTCAC CGTCTCTGAT CAGGAGCCCA AATCTTGTGA CAAAACTCAC 



TCPP CPA PEL LGGP SVF LFP 
841 ACATGCCCAC CGTGCCCAGC ACCTGAACTC CTGGGGGGAC CGTCAGTCTT CCTCTTCCCC 

PKPK DTL MIS RTPE VTC V V V 
901 CCAAAACCCA AGGACACCCT CATGATCTCC CGGACCCCTG AGGT CACATG CGTGGTGGTG 

DVSH EDP EVK FNWY VDG VEV 
961 GACGTGAGCC ACGAAGACCC TGAGGTCAAG TTCAACTGGT ACGTGGACGG CGTGGAGGTG 

HNAK TKP REE QYNS TYR VVS 
1021 CATAATGCCA AGACAAAGCC GCGGGAGGAG CAGTACAACA GCACGTACCG TGTGGTCAGC 

VLTV LHQ DWL NGKE YKC KVS 
1081 GTCCTCACCG TCCTGCACCA GGACTGGCTG AATGGCAAGG AGTACAAGTG CAAGGTCTCC 

NKAL PAP IEK TISK AKG QPR 
1141 AACAAAGCCC TCCCAGCCCC CATCGAGAAA ACAATCTCCA AAGCCAAAGG GCAGCCCCGA 

EPQV YTL PPS RDEL TKN QVS 
1201 GAACCACAGG TGTACACCCT GCCCCCATCC CGGGATGAGC TGACCAAGAA CCAGGTCAGC 

LTCL VKG FYP SDIA VEW ESN 

12 61 CTGACCTGCC TGGT CAAAGG CTTCTATCCC AGCGACATCG CCGTGGAGTG GGAGAGCAAT 

GQPE NNY KTT PPVL DSD GSF 

13 21 GGGCAGCCGG AGAACAACTA CAAGACCACG CCTCCCGTGC TGGACTCCGA CGGCTCCTTC 

FLYS KLT VDK SRWQ QGN VFS 
13 81 TTCCTCTACA GCAAGCTCAC CGTGGACAAG AGCAGGTGGC AGCAGGGGAA CGTCTTCTCA 

CSVM HEA LHN HYTQ KSL SLS 
1441 TGCTCCGTGA TGCATGAGGC TCTGCACAAC CACTACACGC AGAAGAGC CT CTCCCTGTCT 

Xbal 



P G K * S R 
1501 CCGGGTAAAT GATCTAGA 
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FIG. 2 

Production Levels of 2H7 scFv (SSS-S)H WCH2 WCH3 
by Stable CHO Lines 

2H7 scFv (SSS-S)H WCH2 WCH3 STANDARD CURVE 
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FIG. 3 



SDS-Page Analysis of 
2H7 scFv (SSS-S)H WCH2 WCH3 Protein 
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FIG. 4 A 

Complement Mediated B Cell Killing After Binding of CD20-targeted 

2H7 scFv (SSS-S)H WCH2 WCH3 



2H7scFv-lg Concentration RAMOS BJAB 

# LIVE CELLS / TOTAL CELLS # LIVE CELLS /TOTAL CELLS 



20 ng/ml + complement 




0.16 




0.07 


5 Lig/ml + complement 




0.2 




N.D. 


1.25 Lig/ml + complement 




0.32 




0.1 


Complement alone 




0.98 




0.94 



'Viability was determined by trypan blue exclusion and is tabulated as the fraction of viable cells 
out of the total number of cells counted. 

**N.D. (not determined). 



FIG. 4B 

Antibody-dependent cellular cytotoxicity (ADCC) mediated by 
2H7 scFv (SSS-S)H WCH2 WCH3 
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Effects of Crosslin king of CD20 and CD40 Cell Surface Receptors 
on B Cell Proliferation: 
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FIG. 6A 

Effect of Simultaneous ligation of CD20 and CD40 
on CD95 and apoptosis. 

■ Fas Expression (mean)| 
300 T 




FIG. 6B 

Effect of Simultaneous ligation of CD20 and CD40 
on CD95 and apoptosis. 

■ apoptosis (%)[ 

100 -I 

80 
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FIG. 7 A 



2H7-CD154 L2 cDNA and predicted amino acid sequence: 

Hindi 1 1 Ncol 2H7 V L Leader Peptide -> 



MDF QVQ IFSF LLI SAS 
1 AAGCTTGCCG CC ATGGATTT TCAAGTGCAG ATTTTCAGCT TCCTGCTAAT CAGTGCTTCA 

2H7 V L 

VIIA RGQ I V L SQSP AIL SAS 
61 GTCATAATTG CCAGAGGACA AATTGTTCTC TCCCAGTCTC CAGCAATCCT GTCTGCATCT 

PGEK VTM TCR ASSS VSY MHW 
121 CCAGGGGAGA AGGTCACAAT GACTTGCAGG GCCAGCTCAA GTGTAAGTTA CATGCACTGG 

BamHI 



YQQK PGS SPK PWIY APS NLA 

181 TACCAGCAGA AGCCAGGATC CTCCCCCAAA CCCTGGATTT ATGCCCCATC CAACCTGGCT 

SGVP ARF SGS GSGT SYS LTI 

241 TCTGGAGTCC CTGCTCGCTT CAGTGGCAGT GGGTCTGGGA CCTCTTACTC TCTCACAATC 

SRVE AED A A T YYCQ QWS FNP 

3 01 AGCAGAGTGG AGGCTGAAGA TGCTGCCACT TATTACTGCC AGCAGTGGAG TTTTAACCCA 



(Gly 4 Ser) 3 Linker -» 

PTFG AGT KLE 
361 CCCACGTTCG GTGCTGGGAC CAAGCTGGAG 



GSGG GGS SQA 
421 GGATCTGGAG GAGGTGGGAG CTCTCAGGCT 

RPGA SVK MSC 
481 AGGCCTGGGG CCTCAGTGAA GATGTCCTGC 

NMHW VKQ TPR 
541 AATATGCACT GGGTAAAGCA GACAC CTAGA 

PGNG DTS YNQ 
601 CCAGGAAATG GTGATACTTC CTACAATCAG 

DKSS STA YMQ 
661 GACAAATCCT CCAGCACAGC CTACATGCAG 

VYFC A R V VYY 
721 GTCTATTTCT GTGCAAGAGT GGTGTACTAT 



LKGG GGS GGG 
CTGAAAGGTG GCGGTGGCTC GGGCGGTGGT 

2H7 V H 

YLQQ SGA ELV 
TATCTACAGC AGTCTGGGGC TGAGCTGGTG 

KASG YTF TSY 
AAGGCTTCTG GCTACACATT T AC CAGTT AC 

QGLE WIG A I Y 
CAGGGCCTGG AATGGATTGG AGCTATTTAT 

KFKG KAT LTV 
AAGTTCAAGG GCAAGGCCAC ACTGACTGTA 

LSSL TSE DSA 
CTCAGCAGCC TGACATCTGA AG ACTCTG CG 

SNSY WYF DVW 
AGTAACTCTT ACTGGTACTT CGATGTCTGG 
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FIG. 7B 



human CD154/amino acid 48^ 



781 



841 



901 



site Bel/Bam hybrid 

GTGT TVT VSD PRRL DKI EDE 
GGCACAGGGA CCACGGTCAC CGTCTCTGAT CCAAGAAGGT TGGACAAGAT AGAAGATGAA 



RNLH EDF VFM KTIQ RCN TGE 

AGGAATCTTC ATGAAGATTT TGTATTCATG AAAACGATAC AGAGATGCAA CACAGGAGAA 

RSLS LLN CEE IKSQ FEG FVK 

AGATCCTTAT CCTTACTGAA CTGTGAGGAG ATTAAAAGCC AGTTTGAAGG CTTTGTGAAG 



Bell 

DIML NKE ETK KENS FEM QKG 
961 GATATAATGT TAAACAAAGA GGAGACGAAG AAAGAAAACA GCTTTGAAAT GCAAAAAGGT 

Bell 



DQNP QIA A H V ISEA SSK TTS 
1021 GATCAGAATC CTCAAATTGC GGCACATGTC ATAAGTGAGG CCAGCAGTAA AACAACATCT 

VLQW AEK GYY TMSN NLV TLE 
1081 GTGTTACAGT GGGCTGAAAA AGGATACTAC ACCATGAGCA ACAACTTGGT AACCCTGGAA 

NGKQ LTV KRQ GLYY I Y A QVT 
1141 AATGGGAAAC AGCTGACCGT TAAAAGACAA GGACTCTATT ATATCTATGC CCAAGTCACC 

Hindlll 



FCSN REA SSQ APFI ASL CLK 
1201 TTCTGTTCCA ATCGGGAAGC TTCGAGTCAA GCTC CATTTA TAGCCAGCCT CTGCCTAAAG 

SPGR FER ILL RAAN THS SAK 
1261 TCCCCCGGTA GATTCGAGAG AATCTTACTC AGAGCTGCAA ATACCCACAG TTCCGCCAAA 

PCGQ QSI HLG GVFE LQP GAS 
1321 CCTTGCGGGC AACAATCCAT TCACTTGGGA GGAGTATTTG AATTGCAACC AGGTGCTTCG 

Ncol 



VFVN VTD PSQ VSHG TGF TSF 
1381 GTGTTTGTCA ATGTGACTGA TCCAAGCCAA GTGAGCCATG GCACTGGCTT CACGTCCTTT 



Xhol Xbal 



GLLK L E * * S R 
1441 GGCTTACTCA AACTCGAGTG ATAATCTAGA 
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FIG. 7C 

2H7scFv-CD154 S4 cDNA and predicted amino acid sequence: 

Hindlll Ncol 

2H7 V L Leader Peptide^ 

MDF QVQ IFSF LLI SAS 
1 AAGCTTGCCG CC ATGGATTT TCAAGTGCAG ATTTTCAGCT TCCTGCTAAT CAGTGCTTCA 

2H7 V L -> 

VIIA RGQ IVL SQSP AIL SAS 
61 GTCATAATTG CCAGAGGACA AATTGTTCTC TCCCAGTCTC CAGCAATCCT GTCTGCATCT 

PGEK VTM TCR ASSS VSY MHW 
121 C C AGGGG AG A AGGTCACAAT GACTTGCAGG GCCAGCTCAA GTGTAAGTTA CATGCACTGG 

BamHI 



YQQK PGS SPK PWIY APS NLA 

181 TACCAGCAGA AGCCAGGATC CTCCCCCAAA CCCTGGATTT ATGCCCCATC CAACCTGGCT 

SGVP ARF SGS GSGT SYS LTI 

241 TCTGGAGTCC CTGCTCGCTT CAGTGGCAGT GGGTCTGGGA CCTCTTACTC TCTCACAATC 

SRVE AED A A T YYCQ QWS FNP 

301 AGCAGAGTGG AGGCTGAAGA TGCTGCCACT TATTACTGCC AGCAGTGGAG TTTTAACCCA 



(Gly 4 Ser) 3 Linker -> 

PTFG AGT KLE 
361 CCCACGTTCG GTGCTGGGAC CAAGCTGGAG 



GSGG GGS SQA 

421 GG AT CTGG AG GAGGTGGGAG CTCTCAGGCT 

RPGA SVK MSG 

481 AGGCCTGGGG CCTCAGTGAA GATGTCCTGC 

NMHW VKQ TPR 

541 AATATGCACT GGGTAAAGCA GACACCTAGA 

PGNG DTS YNQ 

601 CCAGGAAATG GTGATACTTC CTACAATCAG 

DKSS STA YMQ 

661 GACAAATCCT CCAGCACAGC CTACATGCAG 

VYFC A R V VYY 

721 GTCTATTTCT GTGCAAGAGT GGTGTACTAT 



LKGG GGS GGG 
CTGAAAGGTG GCGGTGGCTC GGG CGGTGGT 

2H7 V H 

YLQQ SGA ELV 
TATCTACAGC AGTCTGGGGC TGAGCTGGTG 

KASG YTF TSY 
AAGGCTTCTG GCTACACATT T AC C AGTT AC 

QGLE WIG A I Y 
CAGGGCCTGG AATGGATTGG AG CTATTTAT 

KFKG KAT LTV 
AAGTTCAAGG GCAAGGCCAC ACTGACTGTA 

LSSL TSE DSA 
CTCAGCAGCC TGACATCTGA AGACTCTGCG 

SNSY WYF DVW 
AGTAACTCTT ACTGGTACTT CGATGTCTGG 
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FIG. ID 



human CD154/amino acid 108 -> 



Bell Bel/Bam hybrid site 

GTGT TVT VSD PENS FEM QKG 
781 GGCACAGGGA CCACGGTCAC CGTCTCTGAT CCAGAAAACA GCTTTGAAAT GCAAAAAGGT 

Bell 



DQNP Q I A A H V ISEA SSK TTS 
841 GATCAGAATC CTCAAATTGC GGCACATGTC ATAAGTGAGG CCAGCAGTAA AACAACATCT 

V L Q W AEK GYY TMSN N L V T L E 
901 GTGTTACAGT GGGCTGAAAA AGGATACTAC ACCATGAGCA ACAACTTGGT AACCCTGGAA 

NGKQ LTV KRQ GLYY I Y A QVT 
961 AATGGGAAAC AGCTGACCGT TAAAAGACAA GGACTCTATT ATATCTATGC CCAAGTCACC 

Hindi I I 



FCSN REA SSQ APFI ASL CLK 
1021 TTCTGTTCCA ATCGGGAAGC TTCGAGTCAA GCTCCATTTA TAGCCAGCCT CTGCCTAAAG 

SPGR FER ILL RAAN THS SAK 
1081 TCCCCCGGTA GATTCGAGAG AATCTTACTC AGAGCTGCAA ATAC CCACAG TTCCGCCAAA 

PCGQ QSI HLG GVFE LQP GAS 
1141 CCTTGCGGGC AACAATCCAT TCACTTGGGA GGAGTATTTG AATTGCAACC AGGTGCTTCG 

NCOI 



VFVN VTD PSQ VSHG TGF TSF 
12 01 GTGTTTGTCA ATGTGACTGA TCCAAGCCAA GTGAGCCATG GCACTGGCTT CACGTCCTTT 

Xhol Xbal 



GLLK L E * *SR 
12 61 GGCTTACTCA AACTCGAGTG ATAATCTAGA 
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Induction of Apoptosis Measured by Binding of Annexin V after 

incubation with 2H7scFv-CD154 
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FIG. 11 
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2H7 scFv (SSS-S)H WCH2 WCH3 

OR 2H7 scFv (SSS-S)H P238SCH2 WCH3 

Human lgG1 CH2-CH3 



2H7 scFv 



CH3 



J CH2 



CH3 



g S3 a % + 



IT nffin Hill! =. 



DBS 




[asp-gly 3 -ser-{gly 4 ser} 2 ] 
peptide linker 



2H7 scFv IgAH WCH2 WCH3 
Human lgG1 CH2-CH3 



2H7 scFv 



hulgAhinge [_ 




CH3 



CH2 




$ =ADCC and FcR binding 
^ =Complement Fixation 
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ADCC Activity of 2H7 scFv Constructs 




0 25 50 75 

Effector: Target Ratio 

-^2H7scFv(SSS-S)HP238SCH2 WCH3 -*-2H7scFv(SSS-S)H WCH2 WCH3 
-*- 2H7scFvlqAH WCH2 WCH3 RITUXIMAB 
-*■ CELLS ALONE (W/O AB) 
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FIG. 15 



2H7 scFv (SSS-S)H WCH2 WCH3 In Vivo Half Life 

2H7scFv(SSS-S)H WCH2 WCH3 Standard Curve 
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FIG. 1 7 

Production Levels of HD37 scFv Constructs by CHO Cell Lines 

Standard Curve of HD37 scFvlg Constructs 
Binding to B Cells 
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FIG.19A 
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FIG.19B 
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FIG.19C 
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FIG. 20 



ADCC Activity of L6 scFvlg Constructs 

ADCC Activity of L6scFvig Constructs wth 2981 Targets 
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FIG. 21 



SDS-PAGE Analysis of L6 and 2H7 
scFvlg Constructs 

Non-Reduced Reduced 
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FIG. 22 



SDS-PAGE Analysis of G28-1 and HD37 
scFvlg Constructs 

Non-Reduced Reduced 
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FIG. 24 
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FIG. 25 

Llama Tails Binding Assay with CD20 CHO Cells 
120 -i 




100 



Concentration (ug/ml) 



— • — 2H7(llama)lgG1 
2H7(llama)lgG2 
2H7(llama)lgG3 



30/75 

FIG. 26 

2H7 scFv Llama Constructs Complement Assay with 

BJAB Cells 
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FIG. 27 



ADCC ASSAY WITH BJAB TARGETS 
AND HUMAN PBMC EFFECTORS 
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FIG. 2 8 

ADCC ASSAY WITH BJAB TARGETS 
AND LLAMA PBMC EFFECTORS 
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FIG. 30 

ADCC Activity of Cell Surface Expressed ScFvlg Constructs 
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NATURAL KILLING 
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FIG.33B 

ADCC Mediated by CTLA4 (SSS-S)H P238SCH2 WCH3 
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FIG.33C 

ADCC Mediated by CTLA4 (CCC-P)WH WCH2 WCH3 
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FIG. 34 

Binding of Constructs Alternative to CD2 CHO Cells 
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FIG. 35 
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FIG. 36 



Binding to CD20 CHO cells by Constructs 
that link anti-CD20 scFv to IgA Fc Domains 
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FIG. 37 

Titration of CD20 Specific scFvlg Constructs for 
ADCC Activity Using Whole Blood Effectors 
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FIG. 38 



ADCC ASSAY OF ANTI-CD20 CONSTRUCTS WITH DIFFERENT TAILS 
(WHOLE BLOOD EFFECTORS/BJAB TARGETS) 
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FIG. 40 



Standard Curve: 
2H7 scFv (SSS-S)H WCH2 WCH3 
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FIG. 42 
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FIG. 43 



Mixtures of K1735-WT and K1 735-1 D8 transfected tumor lines 
inhibit tumor outgrowth in C3H mice 
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FIG. 44 

Expression of 1 D8 scFv (SSS-S)H P238SCH2 WCH3 (Anti-CD37) 
on the Surface of Panned Ag1 04 Transfected Tumor Cells 
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FIG. 46 



ADCC mediated by 2H7 scFvIg constructs 
by human PBMC effector cells against Bjab targets 
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FIG. 47 



Cell surface expression of 
G19-4scFv (SSS-S)H P238SCH2 WCH3 
fusion protein on Reh and T51 Cells. 
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Targeting of Cytotoxicity to Transfected Cell Lines 
by Surface expression of 

G19-4 scFv (SSS-S)H P238SCH2 WCH3 

Cytotoxic activity of resting PBMC towards transfected Reh cells 
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FIG .49 



Binding of 5B9 scFv (SSS-S)H WCH2 WCH3, 
a mouse anti-human CD137 to stimulated human PBMC 
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FIG. 50 A 

Effect of V H L1 1 S Mution on 
2H7 scFv (SSS-S)H WCH2 WCH3 Protein Expression 

Standard Curve: 2H7scFv VHL11S (SSS-S)H WCH2 WCH3 
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FIG. 50B 

Effect of V H L1 1S Mutation on 
2H7 scFv(SSS-S)H WCH2 WCH3 Protein Expression 
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FIG. 51 



Production Levels of 2H7scFv VH LI IS 
(SSS-S)H WCH2 WCH3 
From CHO Clone Culture Supernatants 
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FIG. 52 



Effect of VHL1 IS Mutation on G28-1 scFvIg Construct 
Protein Production from COS cells 



Binding of COS supernatants to Ramos cells 
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Binding of 2H7 scFvIg Constructs with Altered 
Hinges and CH3 domains to CD20 CHO Cells 
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ADCC Activity of 2H7 scFvlg constructs Against 
BJAB Targets and PBMC Effectors 
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FIG. 56 

Complement Activity of 2H7 scFvlg Constructs 
With Ramos Target Cells 
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LFE 



2H7 scFv VH LI IS human IgECH2CH3CH4 
Binding to CD20 CHO at 30 ug/ml 




FIG.58B 

ADCC Activity of 2H7 scFv VHL11S IgE CH2CH3CH4 
Protein Fractions with PBMC Effectors and Bjab Targets 
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FIG. 59 



Binding Data For COS derived 2H7 scFv VHL11S 
mIgECH2CH3CH4 and mlgAH WCH2 WCH3 



Binding of 2H7 VHL1 1S murine constructs to CD20 CHO cells 
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FIG. 63 

Binding of Purified Proteins from COS Supernatants 

to CD20 CHO cells: 
Differential Effects of CH3 Mutations on Binding 
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FIG. 64 



Binding of FITC conjugated 2H7 scFv VHL11S Proteins to 

CD20 CHO Cells 
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FIG. 65 



Nonreducing SDS-PAGE on Protein A-Purified Lots 
of 2H7 scFv VHL11S Constructs (10 ug/lane) 
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FIG. 67 



ADCC Activity of 2H7 scFvVHLUS (CSC-S)H WCH2 WCH3 from 
CHO and Lec13-CHO transient transfections 
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FIG. 68 



CD16(ED)(SSS-S)HP238S CH2 WCH3 high and 
low affinity alleles expressed as soluble molecules 
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FIG. 69 



Binding of soluble CD16-FITC high and low affinity fusion proteins 
to 2H7 scFv VHL11S (CSC-S)H WCH2WCH3 or 
(SSS-S)H P238SCH2WCH3 on CD20CHO Targets 
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FIG. 70 



Binding of FITC Labeled, Recombinant Human 
CD16(ED) extracellular domain -Ig Fusion Protein to 
CytoxB Derivatives on CD20 CHO Cells 
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FIG. 71 



CD37 mAbs and scFvIg Induce Apoptosis 
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